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(54) Title: DEVICE FOR SECURING SPINAL RODS 
(57) Abstract 

A device is disclosed for securing a spinal rod to the spine comprising a fastener 
having a curvate head portion, a securement body having an interior cavity including a first 
portion having a first axis and configured to accommodate the curvate head portion of the 
fastener and a second portion having a second axis and configured to accommodate a spinal 
rod in such a manner so that the spinal rod and the curvate head portion are in contact with 
one another, and a locking member configured to linearly engage the second portion of the 
interior cavity of the securement body along the axis thereof in such a manner so as to secure 
the relative position of the spinal rod and the head portion of the fastener. 
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DEVICE FOR SECURING SPINAL RODS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

10 The subject disclosure relates to implantable spinal stabilization systems for 

surgical treatment of spinal disorders, and more particularly, to a device for securing a 
cylindrical spinal rod of a spinal stabilization system to the spine. 

2. Background of the Related Art 

The spinal column is a complex system of bones and connective tissue 
15 which protects critical elements of the nervous system. Despite these complexities, the 
spine is a highly flexible structure, capable of a high degree of curvature and twist through 
a wide range of motion. Trauma or developmental irregularities can result in spinal 
pathologies which limit this range of motion. 

For many years, orthopedic surgeons have attempted to correct spinal 
20 irregularities and restore stability to traumatized areas of the spine through immobilization. 
Over the past ten years, spinal implant systems have been developed to achieve 
immobilization. Examples such systems are disclosed in U.S. Patent Nos. 5,102,412 and 
5,1 8 1,917. Such systems often include spinal instrumentation having connective structures 
such as elongated rods which are placed on opposite sides of the portion of the spinal 
25 column intended to be immobilized. Screws and hooks are commonly utilized to facilitate 
segmental attachment of such connective structures to the posterior surfaces of the spinal 
laminae, through the pedicles, and into the vertebral bodies. These components provide 
the necessary stability both in tension and compression. 
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It has been recognized that considerable difficulty is associated with 
inserting screws along a misaligned spinal curvature and simultaneously positioning 
coupling elements in alignment with a cylindrical spinal rod having a fixed axis without 
distorting the screws. Many attempts have been made in the prior art to provide 
5 instrumentation which permit angulation of a screw relative to the coupling elements 6f a 
spinal rod. Examples of such devices are disclosed in U.S. Patent Nos. 5,549,608, 
5,554,157 and 5,690,630. However, these prior art devices are connected to the spinal rod 
by threaded components that necessarily require the application of undesirable torsional 
forces to the spine. Furthermore, these threaded components can loosen under cyclically 
10 applied loads commonly encountered in the spinal column. Clearly, it would be beneficial 
to provide an improved device for securing spinal rods to the spinous process which 
provides a wide range of angular adjustability, uniform securement and which does not 
require the application of undesirable torsional forces during application. 

15 SUMMARY OF THE DISCLOSURE 

The subject disclosure is directed to a device for securing a spinal rod to the 
spine during a spinal stabilization procedure. The device includes a fastener having a head 
portion and body portion which depends from the head portion and has a longitudinal axis 
which extends therethrough. The device further includes a securement body having an 
20 interior cavity which includes a lower portion having a first axis and is configured for 
accommodating pivotal movement of the head portion of the fastener in such a manner so 
as to permit selective orientation of the longitudinal axis of the body portion of the fastener 
relative to the first axis of the lower portion of the interior cavity. Preferably the head 
portion of the fastener is curvate in configuration. 
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The interior cavity of the securement body further includes an upper portion having 
a second axis which extends perpendicular to the first axis and defines an elongate channel 
to accommodate a spinal rod. Preferably, the cylindrical spinal rod and the curvate head 
portion are in contact with one another at a location on the first axis. The device further 
5 includes a locking member configured to linearly engage the upper portion of the interior 
cavity of the securement body along the second axis in such a manner so as to secure the 
relative position of the cylindrical spinal rod and the curvate head portion and thereby fix 
the selected orientation of the longitudinal axis of the body portion of the fastener relative 
to the first axis. 

10 Preferably, the upper portion of the interior cavity includes opposed recess 

areas for accommodating insertion of the head portion into the interior cavity of the 
securement body. In addition, the lower portion of the interior cavity of the securement 
body preferably includes an annular retention channel for accommodating a retaining ring 
in a position circumscribing the curvate head portion of the threaded fastener, and a split 

15 retaining ring is provided which is dimensioned and configured for reception within the 
annular retention channel. 

Preferably, the locking member of the rod securing device includes a lower 
portion having a hemi-cylindrical channel defined therein for accommodating an upper 
portion of the cylindrical spinal rod. In addition, the lower portion of the locking member 

20 preferably includes a pair of laterally opposed tapered wedges dimensioned and configured 
to lockingly engage a corresponding pair of laterally opposed tapered slots defined in the 
securement body within the upper portion of the interior cavity. The locking member also 
preferably includes an upper portion having laterally opposed pairs of spaced apart 
reception ports dimensioned and configured to lockingly engage laterally opposed pairs of 
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spaced apart locking tabs projecting from the securement body within the second portion of 
the interior cavity thereof. 

Because the tapered wedges of the locking member engage the slots of the 
reception channel linearly along the axis of the cylindrical spinal rod, the application of 
5 undesirable torsional forces to the spine normally generated during the process of 
tightening a conventional threaded component is avoided. Furthermore, while threaded 
components can loosen under cyclically applied loads commonly encountered in the spinal 
column, the locking member remains fixed under such conditions. 

These and other features of the device disclosed herein and the method of 
10 installing the same will become more readily apparent from the following description of 
the drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

So that those having ordinary skill in the art to which the disclosed device 
15 appertains will more readily understand how to construct and use the same, reference may 
be had to the drawings wherein: 

Fig. 1 is a perspective view of a device for securing a cylindrical spinal rod 
to the spinous process constructed in accordance with a preferred embodiment of the 
subject disclosure; 

20 Fig. 2 is an exploded perspective view of the device illustrated in Fig. 1 

with each of the components parts thereof separated for ease of illustration; 

Fig. 3 is a cross-sectional view taken along line 3-3 of Fig. 1 illustrating the 
interaction between a cylindrical spinal rod and the curvate head of the fastener; 

Fig. 4 is a cross-sectional view taken along line 4-4 of Fig. 1 illustrating the 
25 interaction between the linear locking member and the cylindrical spinal rod; and 
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Fig. 5 is a perspective view of the curvate head portion of another threaded 
fastener constructed in accordance with the subject disclosure; and 

Fig. 6 is a cross-sectional view similar to that of Fig. 3 illustrating the 
interaction between the cylindrical spinal rod and the head portion of the fastener 
5 illustrated in Fig. 5. 

These and other features of the rod securement device disclosed herein will 
become more readily apparent to those having ordinary skill in the art from the following 
detailed description of the invention taken in conjunction with the drawings. 



10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings wherein like reference numerals identify 
similar structural elements of the disclosed device, there is illustrated in Fig. 1 a rod 
securement device constructed in accordance with a preferred embodiment of the subject 
disclosure and designated generally by reference numeral 10. As illustrated in Fig. 1, 

15 securement device 10 is employed in conjunction with an elongated cylindrical spinal rod 
12 and is configured to secure longitudinal spinal rod 12 to the spine during a spinal 
stabilization procedure. 

Referring now to Figs. 1 and 2, rod securement device 10 includes a 
fastener 14, a securement body 16 and a locking member 18. Fastener 14 includes a 

20 curvate head portion 20, a generally cylindrical neck portion 22 which depends from the 
curvate head portion 20, and an elongated threaded body portion 24 which depends from 
the cylindrical neck portion 22. The outer surface of the curvate head portion 20 is 
continuous and preferably includes a series of circular ridges 26 extending about the lower 
hemisphere thereof, adjacent the annular neck portion 22. The threads of body portion 24 

25 are particularly adapted to securely engage bone and define a continuous helix extending 
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about the longitudinal axis of body portion 24 from the pointed tip 28 of fastener 14 to the 
neck portion 22 thereof. 

With continuing reference to Fig. 2, securement body 16 includes a lower 
body portion 30, an upper body portion 32 and an interior cavity 34. The interior cavity 34 
5 of securement body 16 includes a lower cavity portion 36 defined within the lower body 
portion 30 of securement body 16 and an upper cavity portion 38 defined within the upper 
body portion 32 of securement body 16. The upper cavity portion 38 of interior cavity 34 
has a first longitudinal axis designated "X" extending therethrough and the lower cavity 
portion 36 of interior cavity 34 has a second longitudinal axis designated "Y" extending 

1 0 therethrough which is perpendicular to the longitudinal axis of the upper cavity portion 38. 

As best seen in Figs 3 and 4, the lower cavity portion 36 of interior cavity 
34 forms a seat for accommodating the curvate head portion 20 of fastener 14. More 
particularly, the lower cavity portion 36 of the interior cavity 34 of securement body 16 
includes a curved surface area 40 configured for registration with the lower hemisphere of 

15 the curvate head portion 20, i.e., the section of curvate head portion 20 bearing circular 
ridges 26. Those skilled in the art will readily appreciate that the circular ridges provide an 
enhanced gripping area for the head portion 20. The curved surface area 40 of interior 
cavity 34 is designed to permit the selective orientation of the longitudinal axis of the 
threaded body portion 24 of fastener 14 relative to the longitudinal axis "Y" of the lower 

20 cavity portion 36 of interior cavity 34, as will be described in greater detail hereinbelow. 

Referring back to Fig. 2, an annular channel 45 is formed in the lower body 
portion 30 of securement body 16 within the lower cavity portion 36 of the interior cavity 
34 above the curved surface area 40 thereof. Annular channel 45 is configured to 
accommodate a split retaining ring 42 which is dimensioned to circumscribe the upper 

25 hemisphere of the curvate head portion 20 of fastener 14 (see Figs. 3 and 4). When the 
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lower hemisphere of the curvate head portion 20 of fastener 14 is in registration with the 
curved surface area 40 of interior cavity 34, retaining ring 42 positively retains the fastener 
14 therein. 

The upper cavity portion 38 of interior cavity 34 is defined in part by a 
5 hemi-cylindrical passageway 44 which intersects a region of the lower cavity portion 36 of 
interior cavity 34 above annular channel 45. Passageway 44 is configured to accommodate 
the lower hemi-cylindrical portion of spinal rod 12 and is dimensioned such that when 
spinal rod 12 extends through securement body 16, spinal rod 12 and curvate head portion 
20 are in abutting contact at a location lying on the longitudinal axis of the lower cavity 
10 portion 36 of interior cavity 34, as illustrated in Figs. 3 and 4. Moreover, at such a time a 
horizontal plane which extends tangent to the upper surface of the curvate head portion 22 
is coplanar with a horizontal plane which extends tangent to the lower surface of the spinal 
rod 12. 

Securement device 10 further includes a locking member 18 dimensioned 
15 and configured to linearly engage the upper cavity portion 38 of interior cavity 34 along 
the longitudinal axis n X" of the upper cavity portion 38 to positively secure the axial 
position of the securement body 16 with respect to spinal rod 12. Furthermore, when 
locking member 18 is linearly engaged in the upper cavity portion 38 of interior cavity 34, 
spinal rod 12 is urged against the curvate head portion 20 of fastener 14 in such a manner 
20 so as to fix the selected orientation of the longitudinal axis of the threaded body portion 24 
of fastener 14. More particularly, locking member 18 includes a lower body portion 50 
having a hemi-cylindrical channel 52 extending therethrough for accommodating the upper 
hemi-cylindrical portion of spinal rod 12 extending through the upper cavity portion 38 of 
interior cavity 34. 
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In addition, locking member 1 8 includes a locking mechanism in the form 
of a pair of laterally opposed tapered wedges 54 and 56 depending from either side of the 
lower body portion 50 of locking member 18 for engaging a corresponding pair of laterally 
opposed tapered slots 64 and 66 formed in the upper body portion 32 of securement body 
5 16 within the upper cavity portion 38 of interior cavity 34. The tapered wedges 54, 56 and 
corresponding tapered slots 64, 66 employ inwardly angled sloping locking surfaces to 
effect positive engagement therebetween. An indicator arrow designated by reference 
numeral 68 is provided on the exterior surface of the upper body portion 32 of securement 
body 16 to indicate the proper direction in which to linearly engage locking member 18 in 
1 0 the upper cavity portion 3 8 . 

With continuing reference to Fig. 2 in conjunction with Figs. 3 and 4, the 
upper body portion 72 of locking member 18 further includes a secondary securement 
mechanism consisting of laterally opposed paired retention ports 82, 84 and 86, 88. 
Laterally opposed retention ports 82 and 86 are disposed adjacent the leading end of 
15 locking member 18 while laterally opposed retention ports 84 and 88 are disposed adjacent 
the trailing end of locking member 18. The paired retention ports are dimensioned and 
configured to receive and securely retain corresponding paired engagement tabs 92, 94 and 
96, 98 which project into the upper cavity portion 38 from the upper body portion 32 of 
securement body 16. 

20 As best seen in Fig. 2, the interior surfaces of the side walls 32a and 32b of 

upper body portion 32 include curved recess 102a and 102b, respectively, for 
accommodating the passage of the curvate head portion 20 of fastener 14 when the fastener 
is inserted into the securement body 16 to seat the curvate head portion 20 within the lower 
cavity portion 36 of interior cavity 34. 
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Referring now to Figs. 3 and 4, during a spinal stabilization procedure, prior 
to engagement of the spinal rod 12 with the securement body 16 of securement device 10, 
the threaded fastener 14 is inserted into the interior cavity 34 of securement body 16 such 
that the curvate head portion 22 passes through curved recesses 102a and 102b and 
5 registers with curved surface area 40 defined within the lower cavity portion 36 of interior 
cavity 34. Thereupon, the split retaining ring 42 is inserted into the annular channel 45 
formed within the lower cavity portion 36 to positively retain threaded fastener 14 therein. 

At such a time, the curvate head portion 22 of threaded fastener 14 is free to 
pivot within its seat in the lower cavity portion 36 about the longitudinal axis "Y" which 
10 extends therethrough. Consequently, the threaded body portion 24 of threaded fastener 14 
may be selectively oriented at a desirable angle with respect to the longitudinal axis of the 
spinal rod 12 with which it is to become associated. Once the desired orientation of the 
threaded fastener 14 has been established, it is secured in place using conventional surgical 
instrumentation. At such a time, the securement body 16 is pivoted relative to the curvate 
15 head portion 22 of threaded fastener 14 so that the cylindrical rod 12 is received within 
passageway 44. Thereupon, the cylindrical spinal rod 12 and the curvate head portion 22 
of threaded fastener 14 are in abutting contact at a location lying on the longitudinal axis of 
the lower cavity portion 36 of interior cavity 34. 

Then, locking member 1 8 is linearly inserted into the upper cavity portion 
20 38 of interior cavity 34 in the direction shown by indicator arrow 68 such that laterally 
opposed tapered wedges 54 and 56 depending from either side of the lower body portion 
50 of locking member 18 engage the laterally opposed tapered slots 64 and 66 formed in 
the upper body portion 32 of securement body 16. Provisional locking of the locking 
member 18 within the upper cavity portion further 38 is provided by the engagement of the 
25 laterally opposed paired retention ports 82, 84 and 86, 88 formed in the upper body portion 
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72 of locking member 18 with the corresponding paired engagement tabs 92, 94 and 96, 98 
which project into the upper cavity portion 38 from the interior surfaces of the side walls 
32a and 32b of securement body 16. This provisional locking maintains the locking 
member 18 in place until it is finally locked upon engagement of the tapered wedges 54, 56 
and tapered slots 64, 66. 

Once the locking member 1 8 has been fully engaged in upper cavity portion 
38, the geometric configuration and dimensional characteristics thereof function to urge the 
cylindrical spinal rod 12 into close approximation with the curvate head portion 22 of 
threaded fastener 14. In essence, linear engagement of the locking member 18 along the 
longitudinal axis of cylindrical spinal rod 12 compresses the entire mechanical construct so 
that the relative position of the longitudinal spinal rod 12 and the curvate head portion 22 
becomes fixed, as does the relative position of the curvate head portion 22 and the curved 
surface 40 of lower cavity portion 36. 

Referring now to Figs 5 and 6, there is illustrated another threaded fastener 
constructed in accordance with the subject disclosure and designated generally by reference 
numeral 114. Threaded fastener 114 includes a curvate head portion 122 which has a 
discontinuous curvate surface. More particularly, the curvate head portion 122 of threaded 
fastener 1 14 is defined by a curvate upper polar region 122a, four circumferentially spaced 
apart longitudinal arc portions 122b through 122e, and a curvate lower polar region 122f 
which includes a series of circular ridges 126 for interacting with the curved seating 
surface 40 defining the lower cavity portion 36 of securement body 16. The construction 
of the curvate head portion 122 of threaded fastener 114 facilitates placement as the tool 
can more easily grip the head of the shaft for driving or adjusting the fastener. As best 
seen in Fig. 6, in operation, the cylindrical spinal rod 16 is in abutting contact with the 
curvate upper polar region 122a of the curvate head portion 122 of threaded fastener 1 14. 
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Although the device disclosed herein has been described with respect to preferred 
embodiments, it is apparent that modifications and changes can be made thereto without 
departing from the spirit and scope of the invention as defined by the claims. 
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WHAT IS CLAIMED IS : 

1 . A device for securing a spinal rod to the spine comprising: 

a) a fastener having a head portion; 

b) a securement body having an interior cavity including a first portion 
having a first axis and configured to accommodate the head portion of the fastener and a 
second portion having a second axis and configured to accommodate a spinal rod; and 

c) a locking member configured to linearly engage the second portion of the 
interior cavity of the securement body along the axis thereof in such a manner so as to 
secure the relative position of the spinal rod and the head portion of the fastener. 

2. A device as recited in Claim 1, wherein the head portion is curvate in 
configuration. 

3. A device as recited in Claim 2, wherein the curvate head portion of the 
fastener defines a continuous curvate surface. 

4. A device as recited in Claim 2, wherein the curvate head portion of the 
fastener defines a discontinuous curvate surface. 

5. A device as recited in Claim 1, wherein the spinal rod and head portion are 
positioned in contact with one another within the interior cavity. 

6. A device as recited in Claim 1, wherein the first axis extends perpendicular 
to the second axis. 
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7. A device as recited in Claim 6, wherein the head portion and the spinal rod 
contact at a location aligned with the first axis. 

8. A device as recited in Claim 2, wherein the first portion of the interior 
5 cavity includes a curvate seat configured to register with the curvate head portion of the 

fastener. 

9. A device as recited in Claim 1, wherein the first portion of the interior 
cavity of the securement body includes an annular retention channel for accommodating a 

10 retaining ring in a position circumscribing the head portion of the fastener. 

10. A device as recited in Claim 9, further comprising a split retaining ring 
dimensioned and configured for reception within the annular retention channel in the first 
portion of the interior cavity of the securement body. 

15 

11. A device as recited in Claim 1, wherein the locking member includes a 
lower portion having a channel defined therein for accommodating an upper portion of the 
spinal rod. 

20 12. A device as recited in Claim 11, wherein the lower portion of the locking 

member includes a pair of laterally opposed tapered wedges dimensioned and configured to 
lockingly engage a corresponding pair of laterally opposed tapered slots defined in the 
securement body within the second portion of the interior cavity. 
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13. A device as recited in Claim 12, wherein the locking member includes an 
upper portion having laterally opposed pairs of spaced apart reception ports dimensioned 
and configured to lockingly engage laterally opposed pairs of spaced apart locking tabs 
projecting from the securement body within the second portion of the interior cavity. 

5 

14. A device for securing a spinal rod to the spine comprising: 

a) a fastener having a head portion; 

b) a securement body having an interior cavity including a first portion 
having a first axis and defining a seat for accommodating the head portion of the fastener 

10 in such a manner so as to permit the pivotal movement thereof relative to the first axis, and 
a second portion having a second axis and defining an elongate channel to accommodate a 
spinal rod; and 

c) a locking member configured to linearly engage the second portion of the 
interior cavity of the securement body along the axis thereof in such a manner so as to 

1 5 secure the relative position of the spinal rod and the head portion. 

15. A device as recited in Claim 14, wherein the head portion of the fastener 
defines a continuous curvate surface. 

20 16. A device as recited in Claim 14, wherein the head portion of the fastener 

defines a discontinuous curvate surface. 

17. A device as recited in Claim 14, wherein the first axis extends perpendicular 
to the second axis. 

25 
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1 8. A device as recited in Claim 17, wherein the head portion and the spinal rod 
contact one another at a location on the first axis. 

19. A device as recited in Claim 14, wherein the first portion of the interior 
cavity of the securement body includes an annular retention channel for accommodating a 
retaining ring in a position circumscribing the head portion of the fastener. 

20. A device as recited in Claim 19, further comprising a split retaining ring 
dimensioned and configured for reception within the annular retention channel in the first 
portion of the interior cavity of the securement body. 

21. A device as recited in Claim 14, wherein the locking member includes a 
lower portion having a hemi-cylindrical channel defined therein for accommodating an 
upper portion of the cylindrical spinal rod. 

22. A device as recited in Claim 21, wherein the lower portion of the locking 
member includes a pair of laterally opposed tapered wedges dimensioned and configured to 
lockingly engage a corresponding pair of laterally opposed tapered slots defined in the 
securement body within the second portion of the interior cavity. 

23. A device as recited in Claim 21, wherein the locking member includes an 
upper portion having laterally opposed pairs of spaced apart reception ports dimensioned 
and configured to lockingly engage laterally opposed pairs of spaced apart locking tabs 
projecting from the securement body within the second portion of the interior cavity. 
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24. A device for securing a cylindrical spinal rod to the spine comprising: 

a) a fastener having a curvate head portion and an elongated threaded body 
portion depending from the curvate head portion and having a longitudinal axis extending 
therethrough; 

b) a securement body having an interior cavity including a first portion 
having a first axis and defining a curvate seat for accommodating pivotal movement of the 
curvate head portion in such a manner so as to permit selective orientation of the 
longitudinal axis of the threaded body portion of the fastener relative to the first axis, and a 
second portion having a second axis extending perpendicular to the first axis and defining 
an elongate channel to accommodate a cylindrical spinal rod in such a manner so that the 
cylindrical spinal rod and the curvate head portion are contact with one another at a 
location aligned with the first axis; and 

c) a locking member configured to linearly engage the second portion of the 
interior cavity of the securement body along the second axis in such a manner so as to 
secure the relative position of the cylindrical spinal rod and the curvate head portion to fix 
the selected orientation of the longitudinal axis of the threaded body portion of the fastener 
relative to the first axis. 

25. A device as recited in Claim 24, wherein the curvate head portion of the 
fastener defines a continuous curvate surface. 

26. A device as recited in Claim 24, wherein the curvate head portion of the 
fastener defines a discontinuous curvate surface. 
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27. A device as recited in Claim 24, wherein the first portion of the interior 
cavity of the securement body includes an annular retention channel for accommodating a 
retaining ring in a position circumscribing the curvate head portion of the threaded 
fastener. 

5 

28. A device as recited in Claim 27, further comprising a split retaining ring 
dimensioned and configured for reception within the annular retention channel in the first 
portion of the interior cavity of the securement body. 

10 29. A device as recited in Claim 24, wherein the locking member includes a 

lower portion having a hemi-cylindrical channel defined therein for accommodating an 
upper portion of the cylindrical spinal rod. 

30. A device as recited in Claim 29, wherein the lower portion of the locking 
15 member includes a pair of laterally opposed tapered wedges dimensioned and configured to 

lockingly engage a corresponding pair of laterally opposed tapered slots defined in the 
securement body within the second portion of the interior cavity. 

31. A device as recited in Claim 29, wherein the locking member includes an 
20 upper portion having laterally opposed pairs of spaced apart reception ports dimensioned 

and configured to lockingly engage laterally opposed pairs of spaced apart locking tabs 
projecting from the securement body within the second portion of the interior cavity. 



25 



17 



WO 99/65415 



PCT/US99/13510 




SUBSTITUTE SHEET (RULE 26) 



WO 99/65415 



PCT/US99/13510 




SUBSTITUTE SHEET (RULE 26) 



WO 99/65415 



PCT/US99/13510 



3/3 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inte -lonat Application No 

PCT/US 99/13510 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61B17/70 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 A61B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 207 678 A (HARMS JUERGEN ET AL) 
4 May 1993 (1993-05-04) 

column 3, line 5 - line 19 

column 3, line 46 - column 4, line 7 

US 5 615 965 A (SAURAT JEAN ET AL) 
1 April 1997 (1997-04-01) 
column 3, line 66 - column 4, line 8; 
figure 4 

US 5 683 392 A (RICHELSOPH MARC E ET AL) 
4 November 1997 (1997-11-04) 



1-8, 

14-18, 

24-26 



1,14,24 



j~| Further documents are listed in the continuation of box C. 



Patent famify members are listed in annex. 



• Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

V document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed Invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



10 September 1999 



Name and mailing address of the ISA 

European Patent Office. P.B. 581 8 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Date of mailing of the international search report 

21/09/1999 



Authorized officer 



Gerard, B 



Foan PCT/1SA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

iformation on patent family members 



Inter ' i onal Application No 

PCI/US 99/13510 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 

date 


US 5207678 A 


04-05-1993 






31-01-1991 






AT 


121921 T 


15-05-1995 






CA 


2064222 A 


21-01-1991 






DE 


59009029 D 


08-06-1995 






DK 


483242 T 


17-07-1995 






WO 


9101115 A 


07-02-1991 






EP 


0483242 A 


06-05-1992 






ES 


2074578 T 


16-09-1995 






JP 


4506759 T 


26-11-1992 



US 5615965 A 01-04-1997 



FR 


2697874 A 


13-05- 


-1994 


AU 


5601694 A 


08-06- 


■1994 


CA 


2149033 A 


26-05- 


-1994 


EP 


0688402 A 


27-12- 


-1995 


FI 


952228 A 


09-05- 


-1995 


JP 


8506168 T 


02-07- 


-1996 


NO 


951828 A 


15-06- 


-1995 


WO 


9411642 A 


26-05- 


-1994 



US 5683392 A 04-11-1997 AU 7381996 A 07-05-1997 

EP 0857038 A 12-08-1998 
W0 9714368 A 24-04-1997 



Form PCT/ISA/210 (patent family annex) (Jury t992) 



